Fecal coliform-positive, capsule-forming KlebsieUla pneumoniae cells were observed in high densities (104 to 108 CFU/100 ml) in two commercial batches of frozen orange juice concentrate at a cannery in Puerto Rico. Contamination of both lots was gross and included off colors and odors. Isolates of K. pneumoniae from these concentrates revealed growth at 4, 25, and 34°C with generation times from 0.39 to 1.84 h.
Frozen storage is commonly used to prevent microbial spoilage of foods. Freezing inhibits the growth of most food-borne microorganisms; however, spoilage often occurs in frozen citrus concentrates due to prolonged survival of acid-and sugar-tolerant psychrotrophic microorganisms (9) . The microbial deterioration of orange concentrate may represent a direct health hazard to the consumer when the spoilage flora includes species of pathogenic psychrotrophs. There is a paucity of information available on the contamination of frozen citrus concentrates by potentially pathogenic bacteria and in particular by fecal coliform bacteria (5, 16) . Recently our laboratory observed gross coliform contamination of crude batches of orange concentrate from a juice cannery in Bayam6n, Puerto Rico. We were asked to examine the microbiological quality of this concentrate by the local cannery, since its physical appearance was suspicious to quality control personnel. Samples from 43 moniae (strain isolated from frozen orange concentrate; API profile, 5215773) was prepared from pure cultures grown on tryptic soy broth (Difco) at 34°C. Cells were harvested during the exponential-growth phase by centrifugation and washed with a filter-sterilized 0.85% NaCI solution. The final cell concentration was adjusted to ca. 104 cells per ml by using a Coulter Counter model ZF (Coulter Counter, Hialeah, Fla.). For the survival study, 1-ml samples of the cell suspension were added to 250 ml Erlenmeyer flasks containing 100 ml of 10% orange concentrate (pH 3.24) (Orange Plus; General Foods Corp., White Plains, N.Y.) obtained in a local food store. Three sets of triplicates were incubated at 4, 25, and 34°C without shaking. At selected time intervals 1-ml samples were withdrawn from each flask. Klebsiella pneumoniae counts were determined by using McConkeyinositol-carbenicillin agar (3).
This work presents evidence on the isolation of a K. pneumoniae strain from undiluted frozen orange concentrate, thus confirming the ability of this bacterial species to cope with extreme environments (Table 1 ). The density of indicator bacteria exceeded by far the limits tolerable for "indicator" fecal contamination of foods (105 to 107 total coliforms and 104 to 106 fecal coliforms per 100 ml; Table 2 ). Of 20 randomly selected positive fecal coliform isolates, 18 (90%) were identified as K. pneumoniae (API profile, 5215773) and 2 (10%) as Enterobacter cloacae (API profile, 3105773) ( Table 2) .
K. pneumoniae is a well-known opportunistic pathogen among members of the Enterobacteriaceae family, causing pneumonia, urinary tract infections, and gastroenteritis (12) . At the same time, K. pneumoniae has also been identified as a major component of the microbial flora in several types of stressed nonclinical environments (11, 17, 18, 19 been reported from aquatic environments receiving industrial wastewaters which have a low pH, high conductivity, and a high content of solutes and particulate matter (6) . This bacterium has also been recovered from foods with a high content of sugars and acids (8, 14) . The intimate association of K. pneumoniae with plants and plant by-products is also well documented (7, 13) . Thus, K. pneumoniae is considered a ubiquitous bacterium with an unusual ability among coliform bacteria to survive under a very heterogenous set of environmental conditions, including high-acid and high-osmotic-pressure conditions.
The environment in the frozen orange concentrate is, to say the least, inhospitable: low temperatures, low water activity, and low pH (pH 3). Our isolate of K. pneumoniae not only survived prolonged storage in orange concentrate i.pder freezing temperatures, but showed a typical bacterial growth curve when cultured in diluted orange concentrate over a wide range of temperatures (Fig. 1) . This isolate had a generation time of 1.84 h even at 4°C ( Table 3 ). The abundant production of extracellular products, as indicated by the slimy appearance of colonies grown on tryptic soy agar and the presence of exuberant capsules, may account for the acid and sugar tolerance of our K. pneumoniae strain (10, 20) . It is also interesting to note that although our isolate showed a positive reaction in the fecal coliform test, it was able to survive and grow over a wide range of temperatures in the orange concentrate. Fecal coliform-positive strains of K. pneilnoniae able to grow at low temperatures (10°C), although rare, have been reported by other (2, 4 Whether the presence of K. pneumoniae in the commercial batchs of frozen orange juice indicates pollution of fecal origin or contamination with natural bacterial populations is difficult to determine. The fact that not even a single isolate of Escherichia coli was obtained from among the fecal coliform and total coliform targets suggests nonfecal contamination.
Regardless of the fecal or nonfecal origin of the bacteria isolated from the orange concentrate, several potential sources of contamination were possible. The first possibility is that contamination occurred during the extraction and collection of the raw material. Microbes on the surface of oranges and in collection vessels could contaminate the orange juice at this stage. After the concentration of the orange juice by flash evaporation, most of the contaminating flora is heat killed. Thus, the high counts of fecal coliform bacteria may represent the growth of survivors: K. pneumoniae and E. cloacae. Although K. pneumoniae has been recovered from tomato juice (pH 4.3) heated at 60°C for 75 min (15) , it seems unlikely that this occurred in our case since flash evaporation requires even higher temperatures. The second and more likely possibility is that contamination came from the whole juice added to the orange concentrate to prevent the development of off flavors during prolonged cold storage. The third possibility is that contamination was caused by bacteria already present in the machinery used to dispense the orange concentrate. Since the isolate of K. pneumoniae we tested was able to survive and grow in orange concentrate at low temperatures for extended periods, both of the preceding alternatives seem plausible. The final possibility is that contamination of the concentrate occurred in the local processing plant, as the result of nonaseptic handling procedures; this was unlikely since 90% of the barrels had not been opened since leaving Florida.
Further studies will be aimed at determining the actual origin of this contaminant, since it may represent a serious threat to human health, as well as to the economy of frozen food industries.
